Introduction
The term pulse is used to describe the edible, dried seeds of legume derived from Latin puls, pultis, and a thick soup. Pulses are also known as grain legumes which are important source of vegetable protein for many developing countries, but their production has gone down in favour of more profitable crops. It is also a good source of mineral, energy vitamin of B complex group. In spite of that composition of amino acid of pulse protein mixed diet of cereal and pulse has superior biological value than either of the component alone. Nowadays, pulses are gaining more interest in the field of healthy and functional foods. Several articles critically evaluated the macro and micro nutritional components and bioactive phytochemical of pulses and their beneficial health uses. Although India is the world's single largest producer of pulses, the difference in production and population ratio is significant. A large area of approximately 20-22 million hectares is under different pulse crops, and in the last four decades, their production is more or less stagnant, ranged between 18 million tonnes. State wise production and trend in area, production, and yield of pulses in India are given in Fig. 1 , Table 1 .
Lentil (Lens culinaris Medik.), an annual diploid (2n = 2x = 14) plant, is a member of the Leguminaceae family and has one of the most important traditional dietary components. [1] FAO reported that world production of lentils was about 4.9 million metric tonnes for 2013, primarily coming from Canada (37.79%) and India (22.79%), followed by Turkey, Australia, and the United States. [2] Lentils have been also produced into different world cuisines throughout the globe, especially the Mediterranean and Indian regions. In India, it is chiefly cultivated in Uttar Pradesh, Madhya Pradesh, Chhattisgarh, Jharkhand, Bihar, and West Bengal, which together shares more than 80% area and production of this crop. State wise production and trend in area, production, and yield of lentil in India are shown in Table 2 .
Among these pulses, lentil had gained much interest with respect to its unique nutritional and functional characteristics. Nowadays, evidence is growing on the disease-preventing and healthimproving impact of lentils. Thus, the current article is a comprehensive review that gives the presently available information on their nutritive value, composition, and functionality.
Composition of lentils
The nutritional composition and individual nutrients of whole and split lentils had been readily identified and are summarised in Table 3. [3] Figure 1 . State wise production of pulses in India. 
Macronutrients
Lentils are a rich source of proteins, and this high protein content (25.8%) in lentil and other pulses make them a significant food source for developing country and low-income people. [4] Most of the pulse proteins are storage protein which is usually consumed by germ during seed germination. In addition, they provide essential and non-essential amino acid for the metabolic need of human beings. In spite of these, lentils have some storage proteins which are biologically active proteins, referred as 'anti-nutritional' compound such as lectins and protease inhibitor (PIs). [5] In lentil seeds, the major component is carbohydrate with starches [6] which occupy most of the carbohydrate mass (Table 3) . Among 23 pulse grain, lentil is the second highest having starch yield percent up to 47.1%. [4] Lentils are considered as a valuable source of total dietary fibres, with [3] insoluble dietry fibre of (93-99.7%) and less than 7% soluble dietary fibre. [7, 8] Lentils have relatively low fat and, therefore, low energy content (Table 3) . [3, 6] Ryan and colleagues [9] have shown that lentil seeds contained a total fat of about 1.4 g/100 g distributed unevenly over the fatty fractions as follow: saturated fatty acids (SFA), 16.7%; monounsaturated fatty acids (MUFA), 23.7%; and polyunsaturated fatty acids (PUFA), 58.8%.
Micronutrient
Lentils have relatively high ash content with a range value of 3-5 g/100 g DM. Mineral content of lentils is also high such as Mg, P, Ca, and S. In spite of these, lentils contain low amount of Na and high K content, with the K: Na ratio of about 30:1-90:1. [6, 10] Lentils have 7.5 mg/100 gm Iron. Bioavailability of iron can be reduced by inhibitors naturally present in the seed; this adverse effect could be minimised by cooking, germination, and fermentation of lentils. [11] Zn is also found in lentil in ranges between 3.2 and 6.3 mg/100 g. In addition of these, other trace minerals including Cu, Mn, Mo, and B are also present in seeds of lentil.
Lentils are a significant source of various types of vitamins including folate, thiamin (B1), and riboflavin (B2). Other water soluble vitamins such as niacin, antithetic acid, and pyridoxine are also found in lentils. According to Ryan et al. 2007 , vitamin E (α, β, and γ tocopherols) was measured in lentils. The contents of α-tocopherol and β and γ-tocopherols were 1.6 and 4.5 mg/ 100 g, respectively. Further, phylloquinone (vitamin K) as reported by USDA [3] averages about 5 lg/100 g, while the recommended daily value of vitamin K is about 80 µg (Table 3 ). This low vitamin K content makes lentils safe in cardiovascular patients taking the anticoagulant warfarin.
Bioactive phytochemicals
In pulse seeds, bioactive phytochemicals have been identified and quantified that make major sources for phytochemical in the diet. [12] In lentil seeds, bioactive components and essential nutrients could be categorised into different functional compounds according to their chemical structure (Fig. 2) , and the quantities of different main different bioactive phytochemical of lentils are listed in Table 4 .
Polyphenols
Lentils have highest amount of phytochemical compounds like polyphenols in comparison to other common pulses. [13, 14] Among polyphenols, tannins and tannin-related compounds are principal components in lentils, which mainly concentrated in testa. Among the legume seeds, lentils are being richest in their condensed tannin content up to 915 mg/100 g. [15] Recently, it was reported that among 14 different types and varieties of pulses, lentils get highest value for having simple polyphenols and the total phenolic components with TPC of about 26 mg gallic acid equivalent (GAE)/100 g FM. [16] It is recently reported that catechin glucosides, procyanidin dimers, quercetin diglycoside, and trans-p-coumaric acid were the dominant phenolics in green lentils while catechin, digallate procyanidin, quercetin diglycoside, and p-hydroxybenzoic were the dominant phenolic in red lentils. [17, 18] Free and combined hydroxybenzoic and hydroxycinnamic acids of non-flavonoid phenolic compounds are found mainly in the cotyledon of lentils whereas glycosides of flavonol, flavones of flavonoids as well as 3-O-glucoside and proanthocyanidins are distributed in the seed coat of lentils. [19, 20] It has been found that the darkness of the coat of colored pulses such as lentils is correlated with their phenolic compounds. The antioxidant activity of lentil is higher than other pulses, which significantly decreased with germination except in Moth (Vigna aconitifolia). The total phenolic content is highly correlated with the antioxidant activity in pulses. [21] Green or red lentils have a significant higher phenolic content and antioxidant capacity than that of the pale-coloured pulses. [22] Seed coat represents only a small percentage of the entire lentil seed weight, ranging from 8 to 11%, but provides significant contribution to the overall benefits of lentils. [23] 
Phytosterols
Pulses along with cereals are the major natural sources of phytosterols that have been shown to be plentiful in lentil seeds. Now, researchers reported that β-sitosterol, camppesterol, and stigmasterol are most common, in which β-sitosterol is predominant phytosterol and ranges from 15.0 to 240 mg/ 100 g in cooked dry pulses. These compounds are also abundant as sterol glucosides and esterified sterol glucosides with β-sitosterol representing 83% of the glycolipids in defatted chickpea flour. In legume, total phytosterol content detected ranged from 134 mg/100 g (kidney bean) to 242 mg/100 g (pea). [9] Total β-sitosterol content ranged from 160 mg/100 g (chickpea) to 85 mg/100 g (butter bean) and 123 mg/100 g (lentil) ( Table 4) . A dietary study conducted by Duane, [24] on humans over a seven week period, showed that serum LDL cholesterol was significantly lower during the consumption of a diet consisting of beans, lentil, and field pea. The study exhibited that consumption of pulses lowers LDL cholesterol by partially interrupting the entrohepatic circulation of the bile acids and increasing the cholesterol saturation by increasing the hepatic secretion of cholesterol. Several works have demonstrated the efficacy of plant sterols and stanols in the reduction of blood cholesterol levels, and plant sterols are increasingly incorporated into foods for this purpose. [25] Phytic acid Phytic acid (myo-inositol hexaphosphate or InsP6) is a ubiquitous plant component that constitutes 1-5% by weight of most pulses. [26] It is considered as the major source of phosphorus in their seeds [27] , and its salts are known as phytates which regulate various cellular functions such as DNA repair, chromatin remodeling, endocytosis, nuclear messenger RNA export, and potentially hormone signaling important for plant and seed development. [28] It is also considered as antinutrient because of strong mineral, protein, and starch binding properties thereby decreasing their bioavailability. 
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Nowadays, it has been proposed that phytic acid plays a vital role to protect seed against the deleterious effect of oxygen and iron, [26] plant metabolism, stress and pathogen resistance in addition to its beneficial effect in human diets by acting as anticarcinogens [30] or by promoting health in other ways such as in decrasing the risk of heart disease or diabetes. [31] Pulses have high content of phytate, which is located in the protein bodies in the endosperm. Raw lentil contained 0.3 mmol·kg−1 of InsP3. The InsP6 concentration tends to be higher in raw dry bean, blackeye pea, and pigeon pea than in lentil. In vivo and in vitro studies have demonstrated that inositol hexaphosphate (InsP6, phytic acid) exhibits significant anticancer (preventive as well as therapeutic) properties. [32] The anticarcinogenic properties of phytic acid may result from numerous factors. The backbone of most inositol phosphates in cells is myo-inositol. Myo-inositol and InsP6 have synergistic or additive effects in inhibiting the development of cancer. [33] In mice, dietary myoinositol has been shown to be effective in preventing cancer of the lung, [33] forestomach, [33] and liver. [33, 34] 
Saponins and lectins
Lentils are the best sources of saponins which include a diverse group of compounds characterised by their structure having a steroid or triterpenoid aglycone. The lentil content of saponins is low as 25 mg/100 g depending on germination condition. [35] Lectins or haemagglutinins are important group of biologically active proteins or glycoprotein found in almost all organisms. Chemical structures for the previous functional bioactive components of lentils are found in Fig. 3 .
Protease inhibitors
In pulses, protein inhibitors of hydrolases that are active against protease, amylase, lipases, glycosidases and phosphatases have been found. From the nutritional aspect, the inhibitors of serine proteases trypsin and chymotrypsin inhibitors belonging to Brown Brik inhibitors (BBI) family found in plant foodstuff are most important. Historically, PIs were considered as antinutritonal components of pulse seeds, due to their property of decreasing the digestibility of dietary protein.
Trypsin inhibitors have been identified in lentil seeds with a range of 3-8 trypsin inhibitor units (TIUs)/mg for four different cultivars. [36] Major protease inhibitor in pulses is Bowman-Brik type trypsin-chymotrysin inhibitor that is present at higher concentrations compared to other plant families and tissues. [37] However, kinetic studies have shown that the isolated BBI from L.culinaris seeds, L. culinaris trypsin inhibitor (LCTI), is characterised by unusual strong binding affinity to its target. [38] In pea, chickpea, and lentil, protease inhibitors belong to the BBI family, whereas protease inhibitors from soybeans may belong to the BBI or Kunitz family of protease inhibitors. [36] Although in pulse seeds, concentration and activity of protease inhibitors are variable, detrimental effects of their inhibitory properties have been demonstrated. [39] Similar to lectins, protease inhibitors interfere with digestion when pulse seeds or pulse flour are consumed raw. In addition, it has been shown that protease inhibitors are resistant to thermal denaturation over a high range of temperature and the acidic pH of the human digestive tract and, therefore, interferes with digestion by inhibiting trypsin and chymotrypsin through irreversible binding to the enzymes. Growth and performance can also be reduced by the loss of sulphur-rich components of trypsin and chymotrypsin due to their inhibition by protease inhibitors. The deleterious effects of protease inhibitors on humans are usually performed in in vitro trials. [39] However, the potential benefits of denatured trypsin and chymotrypsin inhibitors are being studied in in vivo models. In addition to affecting the host, protease inhibitors can negatively affect the properties of foodstuffs where protease enzymes are commonly used.
Dietary fibre and resistant starches
Lentils are considered as a valuable source of total dietary fibres ( Table 3) , most of which (93-99.7%) is insoluble and less than 7% soluble. [7, 8] Lentils have low amount of the β glucan component of soluble fibre as compared to oats and higher than that of peas, winter wheat, and flax seeds. [10] By having excessive fibre content, green lentils supplemented to healthy subjects consuming western diet which increase their fecal weights, thus facilitating their gut from constipation and its harmful complication. Resistant starches (RSs) are those that resist the hydrolytic effect of digestive enzyme. Cooked lentils contain about 25 g RS/100 g total starch FM, representing about 48% of total starch content [40] with a value of 65.2%. Lentils and other fibre containing food show bifidogenic effect due to the presence of resistant starch and other kind of fibres, and even it was low when compared with other pulses such as peas and chickpeas.
Antioxidant potential of lentils
Among pulses, lentil showed highest total antioxidant capacity (TAC) measured by ferric reducing antioxidant power (FRAP) and total radical-trapping antioxidant parameter (TRAP) measures, but it came second to broad beans by Trolox equivalent antioxidant capacity (TEAC) measure. [41] These findings were confirmed by Duenas et al. who found that lentils had a greater antioxidant activity than peas. [23] Xu and Chang [42] demonstrated that when lentil is measured as 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging capacity had the highest antioxidant capacity in comparison with green pea, yellow pea, and chickpea. It was revealed in the same study that oxygen radical absorbing capacity (ORAC) of lentils was significantly higher than that of green pea, yellow pea, and chickpea. Lentils had higher ORAC value than most of the common fruits and vegetables including apple, blackberries, figs, plums, cherries, pears, oranges, peaches, garlic, cabbage, and almonds.
Effect of lentils on human health

Body weight regulation
The high fibre content and low glycemic response of lentils have been looked as a mean of increasing satiety, reducing food intake and thus controlling body weight. [43] Among four different pulses, lentils possess the strongest satiating properties, resulting in lower food intake compared to other dietary meals. Some observational studies consistently show an inverse relationship between pulse consumption and BMI or risk for obesity. [44] Table 5 reviews the health-improving effects of lentils and specify the bioactive constituents responsible for each effect. 
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Lentils and cardiovascular health
The consumption of pulse grain has been reported to lower serum cholesterol and increase the saturation level of cholesterol in the bile. Total serum cholesterol was reduced by 7%, LDL cholesterol by 6%, and serum triacylglycerols by more than 17%, with no significant change in HDL-cholesterol. [45] Consumption of legumes has been associated with reduced risk of coronary heart disease and cardiovascular disease (CVD). Legume consumption of four times or more per week compared with less than once a week was associated with 22% lower risk of CHD and 11% lower risk of CVD. [46, 47] Further, the replacement of refined rice with whole grain and legume powder as a source of carbohydrate in a meal showed significant beneficial effect on glucose, insulin, and homocysteine concentrations and lipid peroxidation in coronary artery disease (CAD) patients. These effects are likely to substantially reduce the risk factors for CAD and diabetes. [48] The effect of soluble dietary fibre has been shown to reduce total and low density lipoprotein, cholesterol level, as well as insulin resistance. [49] Among the food legumes, chickpea is the most hyocholesteremic agent. Dietary supplementation with chickpea resulted in significant reduction in total serum and lowdensity lipoprotein cholesterols in adult woman and men. [50] A recently published meta-analysis concluded that a higher intake of folate (0.8 mg folic acid) would reduce the risk of ischaemic heart disease by 16% and stroke by 24%. [51] The B-vitamin, folate, has been shown to reduce homocysteine concentration, where elevated homocysteine levels have been identified as significant risk factor for increased risk of cardiovascular disease. [52] The hyrdolysates protein of pea, chickpea, and mungbean and red lentil has been shown to have angiotensin converting enzyme (ACE) inhibitory activity, and ACE plays a key role in modulating blood pressure. ACE inhibitors, including those derived from pulses, may improve cardiovascular health. [53] In a study of 22 adult males with hypercholesterolemia, it was found that daily consumption of folaterich foods, including 50 g pulses that include lentils and other pulses at a combined amount of 500 µg daily for 5 weeks, significantly decreased plasma total homocysteine (tHyc) by 8% in comparison with consumption of folic acid capsules. [54] The effects of pulses on serum lipoproteins were examined in a meta-analysis of 11 clinical trials, amd the results revealed that intake of non-soya pulses, including lentils, was associated with reduction in fasting serum total cholesterol (TC), lipoprotein cholesterol (LDL), and triglycerides (TG) and an improvement in high density lipoproteins (HDL) cholesterol. The hypocholesterolemic effects of pulses are to be related, according to the order of importance, to soluble dietary fibre, vegetable protein, oligosaccharides, isoflavones, phospholipids and fatty acids, saponins and other factors. [55] The hypocholesterolemic and normolipidemic effects of lentils were studied by several researchers. In a study by Shams and colleagues, it was found that addition of 50 g cooked lentils to a diabetic patient's diet led to a significant decrease in TC but not in LDL, HDL, and TG. [56] They explained their findings under the light of the low glycemic index (GI) value of lentils. In such low GI foods, the reduction in blood lipids is thought to be due to the greater amounts of amylose in comparison with amylopectin. To elaborate the impact and mechanism of action of lentils in affecting blood lipids in human subjects, further researches are required. A meta-analysis of randomised controlled trials on the blood cholesterol-lowering effect of non-soy pulse consumption is conducted by Bazzano et al. [57] Ten randomised, selected clinical trials including 268 participants was made, and those showing a significant reduction in total and LDL-cholesterol levels were consuming diets rich in non-soy pulses-beans, peas, lentils, or chickpeas-for a minimum duration of 3 weeks. It was recommended that dietary modification strategies that target the reduction of risk factors for CVD should include an increase in pulse consumption in addition to other strategies, which have been of proven benefit.
Lentils and diabetes
It has been suggested that pulses play an important role in the prevention and management of diabetes. Therefore, consumption of a wide range of carbohydrate foods from pulses and other rich sources both for the general population and for people with diabetes, especially those with type II diabetes, [58] is generally recommended. The leguminous fibres derived from lentil have been found to prevent the impairment in the metabolic control for diabetic rats when total carbohydrates intake was increased, suggesting that lentil carbohydrates, including their dietary fibres, could have promising implications for diabetic patients. [59] Lentils have low glycemic index (GI), which slowly release glucose into the bloodstream and create a constant insulin response. The low GI in pulses is due to high amount of non-starch polysaccharides, resident starch, and oligosaccharides. [60] Phytic acid, lectins, amylase inhibitors, or polyphenol compounds in pulse seeds have been ascribed a decrease of blood glucose response. [61] We can reduce incident diabetes to improve glycemic control by consuming increased amount of pulses as replacement food for more rapidly digested carbohydrate. [58] Jenkins et al. [62] demonstrated that low GI diets resulted in moderately reduced level of hemoglobin (Hb) A 1c (glycosylated protein), which is indicator of glucose in blood. A meta-analysis of 11 studies revealed that low GI diets resulted in decrease in mean blood glucose levels, a decrease in HbA1c, and improved plasma lipid parameters compared with high GI diets. [63] Vegetables and pulses were inversely associated with the risk of type 2 diabetes in a large Chinese population. [64] Subjects consuming fibre-rich beans, and legumes, had the lowest BMI, smallest waist circumference (WC), and the smallest mean annual increase in BMI and improved satiety. [65] According to pharmacological activity annotation, they found some components are directly associated with prevention and/or treatment of type II diabetes mellitus. The low-GI diet (high in whole-grain bread and beans and with less white bread and rice) resulted in improved glycemic control and greater weight loss. According to these results, lentils are recommended for patients with type 2 diabetes and CVDs. [66] Lentil and cancer
In several epidemiological studies, inverse correlations between pulse consumption and colon cancer mortality and risks of prostrate cancer, gastric cancer, and pancreatic cancer have been reported. [67] It was also reported that bean or lentil intake is associated with a lower risk of breast cancer. [68] Lentils have some bioactive components such as lectins and defensins which have anticarcinogenic properties and can improve state of patients with colorectal cancer. [69] It was suggested by Roy et al. [70] that most studies investigating anticancer effects of lectins from lentil and various pea varieties further confirm the uniqueness of lectins from these pulses compared to other natural sources. Hence, lectins from lentils and other pulses may have great potential to be regarded as functional foods for reducing the risk of certain cancers. Another novel peptide named 'defensin' has been characterised recently in germinated lentil seeds [71] and has broad spectrum of biological activities including antimicrobial activities against bacteria and fungi. Further, several reports demonstrated the ability of defensins to modify the activities of digestive enzymes, trypsin and α amylases, and HIV-1 reverse transcriptase enzyme implicated in viral replication. Ion channels are blocked by some defensins and inhibit protein translation. Thus, they have been suggested to aid in halting tumorigenesis. Indeed, an antiproliferative activity is exhibited by defensin against more than one tumor cell line. [71] Lentils contain considerably high amount of the pivotal folic acid to prevent cancer. Folate is essential for the de novo biosynthesis of purines and thymidylate, which affect DNA replication and cell division, and for the synthesis of S-adenosyl methionine (SAM) which is a methyl donor for more than 100 biochemical reactions, including methylation of DNA. [72] Folic acid and SAM work as methylating agents that have the potential to prevent hypomethylation of DNA, which is observed in colorectal neoplasia in humans and may contribute to the loss of normal controls on proto-oncogene expression. [73] Hence, folic acid is considered to be among the most potent agents that suppress gene expression by DNA methylation. [74] Pulses contain B-vitamin folate which may play a protective role against colorectal, cervical, breast, and pharyngeal cancers. [75] Saponins have antioxidant effect, present in higher amount in pulses, and exhibit direct and [35] Soy, due to its isoflavones content, serves as a balanced and remedial substitute in combating disorders, like cancer prevention, by interruption of the breakdown of extracellular matrix that surrounds growing vessels and tumors. [76] Clemente et al. reported that pea protease inhibitors also show promise as cancer chemopreventive agents. [77] The nondigestible carbohydrate of pulses such as dietary fibre, oligosaccharide, and resistant starch triggers growth and/or activity of bacteria bifidobacteria and lactobacilli in the colon, resulting increased formation of butyrate, a short chain fatty acid with demonstrated anti-tumor and antiinflammatory activity. [78] In addition to this, a number of polyphenols are found in pulses, particularly common bean, with antioxidant and antimutagenic activities that could inhibit the formation of tumors. [79] In a large prospective cohort study, a reduced breast cancer risk was associated with higher intake of pulses. [80] Other studies revealed that consumption of pulses such as dried beans, split peas, or lentils was negatively associated with risk of colorectal adenoma. [81] Phytic acid of lentil reduces colon cancer via chelation of iron and suppression of iron-related initiation and promotion of carcinogenesis. Further, it may have potential therapeutic use in cancer due to its property of increasing the activity of natural killer cells associated with suppressed tumor incidence. [82] In addition, the high selenium content in lentils may also be a contributing factor to anticarcinogenic potential of lentils, as this element is involved in the induction of apoptosis and enhancement of immune system. [83] Thus, it might be speculated that the antioxidant phytochemicals were not the only responsible factors for chemoprevention, as the chemopreventive ability was not restricted to polyphenolic rich whole, non-split, and lentil seeds. However, in our type of research when foods, as opposed to chemicals, are used, it is not possible to identify a specific component of lentils responsible for the observed reduction in early and late colon carcinogenesis.
Conclusion
Lentils make share of the human diet in many locations of the world and play significant role in human nutrition, especially as source of protein, vitamins, minerals, dietary fibres, and folic acid. Besides these important nutrients, the lentil grains also contain certain biologically active components including enzyme inhibitors, lectins, phytate, oligosaccharides, and phenolic compounds. In addition, lentils have a major role in health improvement and protection against non-communicable diseases. Important biologically activities have now been suggested for these bioactive compounds like enhancement of the antioxidant, anticarcinogenic, antimutagenic, and anti-hyperglycemic effects, which make lentil an important crop for human health.
